We report the realization of a heteronuclear two-atom of 87 Rb-85 Rb in the ground state of an optical tweezer (OT). Starting by trapping two different isotopic single atoms, a 87 Rb and a 85 Rb in two strongly focused and linearly polarized OT with 4 µm apart, we perform simultaneously three dimensional Raman sideband cooling for both atoms and the obtained 3D ground state probabilities of 87 Rb and 85 Rb are 0.91(5) and 0.91(10) respectively. There is no obvious crosstalk observed during the cooling process. We then merge them into one tweezer via a species-dependent transport, where the species-dependent potentials are made by changing the polarization of the OTs for each species from linear polarization to the desired circular polarization. The measurable increment of vibrational quantum due to merging is 0.013(1) for the axial dimension. This two-atom system can be used to investigate cold collisional physics, to form quantum logic gates, and to build a single heteronuclear molecule. It can also be scaled up to few-atom regime and extended to other atomic species and molecules, and thus to ultracold chemistry.
Two-atom systems in optical tweezers (OTs), composing either distinguishable or indistinguishable atoms, are of fundamental interest in wide fields including few-body physics [1] [2] [3] ,quantum information and quantum simulations [4] [5] [6] [7] , and cold chemistry [8, 9] . Among them, heteronuclear two-atoms allow us to single out a particular process from otherwise mixed hetero-and homonuclear collisions. A clean heteronuclear system has been demonstrated with a 87 Rb and a 85 Rb at finite temperature in our previous work [10] . Such platforms can be used to study cold collisions in which the scattering properties are typically derived from experiments using bulk ensemble of cold atoms [1] . Furthermore, it also provides a valuable testbed to build a single heteronuclear molecule and thus open the door of cold chemistry with two atoms [8, 9] . Along this line, the work of forming one exited-state NaCs molecule from two atoms with finite temperature by one-photon association has been demonstrated recently [11] . It also has the potential for functioning as a building-block for creation of quantum gates in quantum information processing [12, 13] . In order to precisely probe the scattering properties and create single heteronuclear molecules in a single-quantum state and implement controlled collisional phase gate, one of the crucial prerequisites is to achieve preparation of low entropy atom-pairs trapped in an OT with controlled wavefunction overlap.
A reliable recipe for making such an ultralcold heteronuclear two-atom system is composed of two sequential steps: Firstly, cooling the two individual atoms to the 3D motional ground state, and then merging both the atoms into a single trap with negligible vibrational excitations. For the first step, the well developed Raman sideband cooling (RSC) technique [14] can be deployed, as demonstrated with various homonuclear atoms in OTs from 1D to 3D [15] [16] [17] [18] [19] [20] [21] . But the work of simultaneously RSC of heteronuclear atoms to the 3D ground state has not been reported yet. For the second step, it has been proved in optical lattices with homonuclear atoms that by using state-dependent transport one can not only transport single atoms over several lattice sites while maintaining in the motional ground state [19] but also bring atoms on different lattice sites into contact and thereby realize quantum entanglement [22, 23] . Extending this method to a species-dependent transport for two heteronuclear atoms has been demonstrated only with thermal atoms [11] , but merging two heteronuclear atoms into the motional ground state of a single tweezer remains elusive.
In this work, we build a low entropy heteronuclear twoatom system in the ground state of a single OT. We begin by simultaneous RSC of 87 Rb and 85 Rb in two traps and obtain a 3D ground state probability of 0.91(5) for 87 Rb, and that of 0.91(10) for 85 Rb. And then we merge the two heteronuclear atoms into one trap with a statedependent transport. Here we devise an alternative route of merging the two heteronuclear atoms without the need of additional laser. The key point is to change the polarizations of the double OTs to the desired circular polarizations so that the state-dependent vector light shifts (VLSs) changes accordingly. The measurable increment of vibrational quanta due to merging is as low as 0.013 (1) for the axial dimension, while for the radial direction, no obvious heating is measured. [7, 10] , we instead use a high numerical aperture microscope (NA = 0.6) to strongly focus trapping beams of 852 nm to waits about 0.71 µm. A static OT (S-trap) and a movable OT (M-trap), both linearly polarized and separated by 4 µm apart, are used to trap one 85 Rb atom and one 87 Rb atom respectively ensured by feedback-controlled loading from a double species magneto-optical trap (MOT) [10] . The M-trap is controlled by a mirror actuated by piezo-electrical transducers (PZTs) to move the trap. For the typical trap depth of 1.6 mK, the measured radial and axial trap frequencies are respectively 2π×162 kHz and 2π× 27 kHz. Under this depth, the two atoms are both further cooled to about 15 µK with standard optical molasses method. The quantization axis (y') is defined by a static magnetic field of 6.7 G, which is perpendicular to the trap beam wave-vector and the polarization vector to avoid polarization gradient effect [15, 16] . Two σ − polarized Stokes beams, R1 87 and R1 85 , propagating along the magnetic field, paired with other three π-polarized pump beams {R2, R3, R4}, drive Raman transitions along the corresponding three axes {x, y, z}. For each axis, the Raman coupling strengths for the two atoms are tuned to nearly the same. The energy levels and generations of the five Raman beams can be found in the Supplemental Materials [24] .
Following the approach of Ref. [15] , we adopt the pulse cooling scheme. The pulses of R2, R3, R4 Raman beams are shaped to Gaussian to reduce off-resonant carrier transitions during cooling. The peak two-photon Rabi frequencies are about 118 kHz and 33 kHz for the radial direction and axial direction respectively. Principally, Raman sideband cooling runs by iterating a twostep process that manipulates the internal and external atomic states. Taking the 85 Rb as an example, we utilize two hyperfine levels of 85 Rb as |F, m F ≡ |3, −3 and |2, −2 , see Fig. 2 (a) , where F is the hyperfine angular-momentum quantum number and m F its projection. One cycle of RSC is implemented as the sequential steps: Firstly, a stimulated Raman transition is applied, which reduces the vibrational state by one quantum (i.e. sideband ∆n = −1) while also accompanying an internal state flip. Then the atom is optically pumped back to the initial spin state |3, −3 via a spontaneous Raman process, while the photon carries entropy away. After a sequential repetitions of the RSC cycles, eventually, population accumulates in the trap ground state and the atom |3, −3 state.
The RSC sequence for simultaneously cooling both 87 Rb and 85 Rb atoms is shown in Fig. 2 (b) . We apply their R1 beams simultaneously and toggle the R2, R3, R4 beams to address the three axes. The R1 beams are applied with rectangular pulses, while R2-4 are shaped as Gaussian pulses. When R2, R3, R4 beams and OP and RP beams are toggled, the two R1 beams, R1 85 and R1 87 , only resonant with 87 Rb or 85 Rb respectively, while the other one only imparts a constant light shift. We note that R2, R3, R4 beams also cause light shifts varying with the Gaussian shapes, which are not compensated during RSC in this experiment. However, compensation of the varying light shift is needed to drive high fidelity Raman sideband transitions. The RSC cycle starts from initialization of internal states with OP and RP beams into |2, −2 87 for 87 Rb and |3, −3 85 for 85 Rb. Raman beam pairs R1 & R2, R1 & R3, R1 & R4 are then applied to remove one motional quantum along radial x, y and axial z dimensions respectively with each pair followed by reinitialization of internal state. After repeating the cooling cycle many times, both atoms end up in dark states with 3D motional quantum n=0.
It is different from the case of cooling homonuclear atoms that, in our case, we should take account of crosstalk between two RSC cooling processes. By "crosstalk" we mean that the cooling process of one atom species would cause heating for the other species, especially when taken in such a atom-by-atom manner. Since the differences of OP and RP resonant frequencies of the isotopic atoms are of only several GHz, these near resonant light beams cause heating by off-resonant photon scattering with typical rates of 10/s. The trap also heats the atom up with a typical rate of 0.6 (2.3) vibrational quantum per second for the radial (axial) dimensions in a 1.6 mK trap. In order to minimize the heatings during RSC, the stimulated Raman R1 and optical pumping beams of 87 Rb and 85 Rb are synchronously applied to both of atoms and thus cooling the two atoms simultaneously. We examine the crosstalk by monitoring the post cooling n x and n z of 85 Rb as function of the number of cooling cycles with and without the presence of the cooling pulses of 87 Rb, as shown in Fig. 3 (a) and (b) respectively. We fit the data points using a decay model n = 1/(exp( ω(αc + 1)/k B T ) − 1) [17] . The fitted exponential constant for radial dimension α = 0.08(1) without cooling light of 87 Rb, which is coincident with the result in the presence of cooling light of 87 Rb where α = 0.09 (1) . And for the axial dimension, α = 0.58 (8) and α = 0.50(5). It is evident that the crosstalk during the cooling process is too small to detect and will not influence the RSC results with sufficient long cycles.
The total RSC sequence contains 220 cooling cycles with a total duration of about 150 ms.
After cooling, the 3D motional quantum numbers {n x , n y , n z } are {0.04(3), 0.01(1), 0.04(4)} for 87 Rb and {0.01(4), 0.03(5), 0.05(9)} for 85 Rb. The final 3D ground state probabilities are determined to be 0.91(5) for 87 Rb and 0.91 (10) for 85 Rb respectively. The corresponding radial spectra of 87 Rb along x and y directions are shown in Fig.3(c) , and the axial spectra for both of the atoms in Fig. 3(d) . In order to merge the cooled heteronuclear two atoms into the ground state of a single common OT, the scenario of what is called the state-dependent transport is deployed [22] , where two atoms with different internal states are respectively confined in σ + and σ − polarized potentials in such a way that one atom dominantly experiences the σ + trap potential and the other mainly experiences the σ − trap potential. In past works, the spin-dependent transport was implemented by utilizing a laser beam whose wavelength is tuned to a value between the fine structure splitting of the rubidium D1 and D2 transition, the so called tune-out wavelength at about 785 nm [22] . Obviously, the detuning of such laser is very small, it requires that the merging should be completed within several tens of µs otherwise the transported atoms would suffer from strong heating due to the spontaneous scattering. Such a fast transport speed is far beyond the PZT's working bandwidth (typically less than 1 kHz). Here we propose an alternative way, which tunes VLSs via changing the linear polarizations of original 852 nm trapping beams into desired circular polarizations. The filled circles show the axial sideband spectrum after repeating the merging and splitting process for 7 times, while the blue squares are of holding the 87 Rb atoms for the same duration but without moving the M-trap. The heating for sweeping the PZT 7 times are extracted as the increment of fitted nz. Note that the initial internal state is |1, −1 , so the ∆n=1 peaks have positive detunings compared with the spectra in Fig.2(d) . (c) The black squares shows the extracted heating for sweeping the PZT 1, 3 and 7 times. The average heating for one sweeping process are extracted as the fitted linear slope of 0.013 (1) , and the precision is limited by the fluctuations of sideband spectra.
To demonstrate the species-dependent VLS transport, we choose to merge the two atoms in states of |3, −3 85 and |1, −1 87 since their vector polarizabilities are opposite and the inelastic collisions are energetically forbidden. The trap depth is originally set to 1.6 mK when performing RSC and then lowered down to 0.08 mK in 10 ms. Meanwhile, to induce the VLSs of the traps, the trap polarization are switched to right circularly polarized (σ + ) for S trap and left circularly polarized (σ − ) for M trap, and the magnetic field is switched from the y' to the z direction. The corresponding ideal normalized Stokes parameters are (S 1 , S 2 , S 3 )=(0, 0, 1) for S trap and (0, 0, -1) for M trap respectively. The corresponding VLSs in circularly polarized traps are measured via microwave spectra of 87 Rb. As shown in Fig. 4 , the MW resonant frequencies decrease with the increasing optical power which is coincident with the polarization vector P=1 for the S trap. The ratio of the fitted slope of the VLSs between S and M trap is 0.94, which is lower than 1 because of imperfect polarization settings. To lower down the photon scattering from the trap, the optical power of the circularly polarized S trap is set at only 1.39 mW during merging and the M trap is set with the VLSs ratio. Thus, the actual trap depth of M and S trap differs by 0.56 MHz (1.12MHz) for 87 Rb ( 85 Rb), which is {7.7, 48.8} ({15.4, 97.6}) times the trap frequencies {ω r =71.9 kHz, ω z =11.4 kHz}. Such an asymmetric potential configuration makes each atom experience a deeper local OT and far-off resonant with any vibrational levels of the other approaching one. The transport processes is depicted in the Fig. 5(a) , and the experimental sequences are showed in the Supplemental Materials [24] .
The merging is implemented within 4 ms by transporting the 87 Rb atom in the M trap adiabatically to the position of the S trap. The transport is realized with a PZT actuated mirror, and the long term drift of the traps distance is about 0.12 µm (0.08 µm) over several hours in the x' (y') direction monitored with a CCD camera. Thereafter, the depth of M trap is adiabatically switched off and then the magnetic field and the trap polarization are restored. To measure the heating during merging, we repeat the merging and reversely splitting process by sweeping the PZT back and forth several times. The axial sideband spectra with (filled circles) and without (squares) sweeping the PZT for 7 times are shown in Fig. 5(b) . The heating due to sweeping is defined by the increment of the fitted n z and the dependence on the times of sweeping is shown in Fig. 5(c) , where the accompanying error bars are from the amplitude fittings of the spectra. The heating per sweeping is estimated to be 0.013(1) for the axial motion. For the radial motions, no obvious heating is measured after sweeping 7 times. The final ground state probability is limited by the background heating caused by the scattering and intensity and pointing noises of the trap beams.
In conclusion, we have created an ultracold pair of 87 Rb and 85 Rb atoms in the motional ground state of an OT. We expect that such low-entropy heteronuclear two-atom system will be a promising starting-point for associating a single molecule. Since there exist broad pwave and d-wave Feshbach resonances between 87 Rb and 85 Rb atoms [25, 26] , a single two-atom in an OT provides chance to study the p-or d-wave resonance and build a single p-or d-wave molecule from single two-atom. Apart from the wide interests of collisional physics study, this heteronuclear two-system would also find applications for engineering quantum logic gates via controlled collisions. Furthermore, the two individual atoms in the 3D ground state have the promising potential to improve Rydberg gate fidelity and entanglement fidelity [7] . Our methods demonstrated here can be scaled up to few-atom regime for studying three-body and few-body physics [2, 3] . And it can also be extended to other atomic species, molecules and even Boson-Fermion mixtures.
